Understanding deep muscle pain is of increasing importance for evaluating clinical pathologic pain states. Previously, a central role of deep muscle tissue in the development of ongoing pain behavior after incision was demonstrated. The underlying mechanisms, however, remain unclear. Using a new in vitro plantar flexor digitorum brevis (FDB) muscle-nerve preparation, we investigated properties of mechanosensitive group III and IV afferents innervating incised and unincised muscle, and explored potential mediators of afferent excitation after incision. Afferents of uninjured muscle had a low incidence (14.3%) of ongoing activity. A high proportion (65.8%) of afferents responded to heat and a minority, 20.8%, were activated by pH 6.0 lactic acid. Incision increased the prevalence of afferents with ongoing activity to 54.7%. A greater proportion of group III and IV afferents responded to pH 6.0 lactic acid after incision compared to control (55.4% vs. 20.8%). Sensitization of afferents to heat and mechanical stimulation was prominent in group IV afferents after incision; both heat (38.0 vs. 40.5°C in control) and mechanical response threshold (median: 5.0 vs. 22.0 mN in control) were decreased. The finding hat incision increased ongoing activity of muscle afferents is consistent with our previous in vivo studies and supports the idea that deep muscle tissue has a prominent role in the genesis of ongoing pain after incision. The enhanced chemosensitivity of muscle afferents to lactic acid after incision suggests an increased response to an ischemic mediator that may contribute to pain and hyperalgesia caused by surgery in deep tissues. Ó
Introduction
Much of our knowledge of pain mechanisms and hyperalgesia has relied on tests for cutaneous nociception and examination of post-injury models using cutaneous stimuli. Injuries to other tissues including muscle, bladder, and bone are often associated with pathologic pain states. Accumulating evidence suggests that different tissues and their sensory afferents respond uniquely to certain stimuli. For example, tourniquet-induced ischemic pain is described in terms like aching and cramping; these are deep tissue descriptors rather than terms that describe cutaneous symptoms [6, 26] . Furthermore, specific tissues and their sensory afferents respond distinctly to injury or disease. For instance, pain from tumor metastases to bone is severe; yet, soft tissue metastases can be less painful [29, 32] .
Sensory afferents innervating muscle have unique characteristics compared to those innervating other structures. For example, compared with neurons innervating skin, a greater proportion of rat small dorsal root ganglion (DRG) neurons innervating muscle (51% vs. 28%) express acid-sensing ion channel 3 (ASIC3) [28] . DRG neurons innervating muscle are also more likely to be capsaicin-responsive (42% vs. 25%) than those innervating skin [13] . Clinically, muscle afferents contribute to cardiovascular responses during exercise triggering fatigue [16] and are thought to be activated by metabolites from muscle to signal pain in patients with claudication [6] . Certainly, muscle makes a significant contribution to chronic disease states like myofascial pain and fibromyalgia [36] .
Deep muscle also has a prominent role in post-traumatic pain. Clinical studies indicate that the extent of muscle rather than skin injury influences the magnitude of pain at rest after surgery [8, 30] . Contraction of injured muscle during cough or active mobilization evokes much greater pain than pain at rest in postoperative patients [22, 27] .
The specific contribution of different tissues to nociceptive signaling after injury is important for our understanding of postoperative and post-traumatic pain mechanisms. Recent studies indicate that unprovoked, ongoing pain behaviors occur after injury that include deep muscle [42, 43] . Correspondingly, compared with skin incision, incision of skin plus deep muscle caused a greater prevalence of ongoing activity in nociceptive transmitting dorsal horn neurons and primary afferent fibers after injury. These studies
